SUMMARY Fourteen patients with critical aortic stenosis (valve area 0.4 cm2/m2), a history of advanced congestive heart failure, left ventricular ejection fraction less than 0.45 (mean 0.28 d 0.03) and no other valvular lesions or obstructive coronary artery disease were studied to assess prognosis with aortic valve replacement. Eleven of 14 (79%) survived surgery; 10 of these 11 
Materials and Methods
All catheterization reports from January 1, 1974 to January 1, 1979 were examined. Eighty-six patients with aortic stenosis (aortic valve areas less than 0.4 cm2/m2) who had no evidence of other hemodynamically significant valvular disease at catheterization were identified. Of this group, 28 patients (33%) had an angiographically determined left ventricular ejection fraction less than 0.45 and a clinical presentation of severe congestive heart failure (New York Heart Association [NYHA] functional class LII or IV). All 28 patients underwent coronary arteriography during catheterization. Ten patients had normal coronary arteriograms and four had minor, nonobstructive coronary narrowing (less than 40% decrease in luminal diameter). These 14 patients without significant coronary disease or other valvular lesions, who had critical aortic stenosis, congestive heart failure and depressed left ventricular ejection fraction, constitute the study population.
Each patient underwent right-and retrograde leftheart catheterization, including left ventriculography and coronary arteriography. Thirteen patients were in sinus rhythm at catheterization, and one patient was in atrial fibrillation. The left ventricle was entered retrogradely via the brachial approach in all patients. Systemic arterial pressure was measured by means of a PE 160 catheter placed percutaneously in the right femoral artery. Left ventricular pressure was measured by standard fluid-filled angiographic catheters in nine patients and by micromanometertipped, high-fidelity catheters in five. Left ventricular pressure and systemic arterial pressure were recorded simultaneously and mean systolic gradients were measured by planimetry. All gradients were confirmed by recording pressures during pullback of the catheter from the left ventricle to the central aortic position. Although the catheter may contribute to the effective stenosis in patients with aortic valve areas less than 0.6 cm2, 6 Hemodynamic and angiographic data are presented in tables 2 and 3. The mean pulmonary capillary wedge pressure was similar in both groups. The average aortic valve area index for group 2 was 0.30 ± 0.02 cm2/m2, which was significantly larger than for group 1 (0.21 ± 0.02 cm2/m2,p < 0.05). Cardiac index was significantly lower for group 2 (1.5 ± 0.3 1/min2) than for group 1 (2.1 ± 0.1 1/min/M2, p < 0.05). The average end-diastolic volume index for group 2 was 174 ± 9 ml/m2, compared with 119 ± 9 ml/m2 for group 1 (p < 0.005). The end-systolic volume index for group 2 was 140 ± 9 MIl/m2, compared with 80 ± 7 ml/m2 for group 1 (p < 0.005). The average ejection fraction for group 2 was 0.20 ± 0.02, which was less than that for group 1 (0.32 ± 0.03 p < 0.05) ( fig. 2) . The peak systolic aortic valve gradient for group 2 was 28 ± 5 mm Hg, compared with 80 ± 9 mm Hg for group 1 (p < 0.005). A similar striking difference existed for mean systolic gradient, which averaged 22 ± 1 mm Hg for group 2 vs 61 ± 6 mm Hg for group 1 (p < 0.005) ( fig. 3) .
Four group 1 patients had postoperative determination of left ventricular ejection fraction by radionuclide ventriculography 6-13 months after surgery. Because ejection fraction determined in this manner correlates well with angiographically determined ejection fraction,'6' 17 we compared preoperative angiographic ejection fraction with postoperative radionuclide ejection fraction in these four group 1 patients. The preoperative ejection fraction was 0.33 ± 0.03, compared with 0.59 + 0.03 postoperatively (p < 0.001).
Mean circumferential wall stress was plotted against ejection fraction for the five group 1 patients not previously studied by this method, as well as for the four previously analyzed"l ( fig. 4) . A linear relationship (r = 0.93) similar to that reported by Gunther and Grossman"l was found. Values for preoperative wall stress in group 2 all fell below and to EF FIGURE 2. Individual preoperative ejection fractions (EF) for patients in groups 1 ( * ) and 2 (X). Although mean EF was greater for group I than for group 2, three group 1 patients had EF similar to that of group 2. Thus, EF alone was not a good predictor of outcome.
the left of the line developed from coordinates for group 1 ( fig. 5) . Thus, for any given wall stress, ejection fraction was lower in group 2.
Left ventricular wall thickness/radius ratio (h/r) was higher in group 1 patients (0.42 ± 0.03) than in group 2 patients (0.35 ± 0.03), although the difference was not statistically significant (p = 0.08). depressed left ventricular function and aortic stenosis have a good prognosis with aortic valve replacement. Ten of 14 such patients (72%) returned to class I or II postoperatively. When we analyzed preoperative factors we thought might have had prognostic importance, we found a significant difference in preoperative left ventricular function between the patients who had a satisfactory surgical result (group 1) and those who did not (group 2). Group 2 patients had more advanced clinical class, lower cardiac index, higher end-diastolic volume index and lower ejection fraction than group 1 patients. However, none of these factors alone was highly predictive of outcome. Twenty percent of group 1 patients were in class IV and returned to class I postoperatively. Twenty percent had a cardiac index less than 1.6 1/min/m2, 20% had an end-diastolic volume index greater than 150 ml/m2 and 30% had an ejection fraction less than 0.25. However, when ejection fraction was plotted against mean wall stress (u) for both groups, major differences were found. The linear relationship between ejection fraction and wall stress could be extrapolated to a normal ejection fraction and normal wall stress for group 1 patients, suggesting that the major factor in the decreased left ventricular performance in group 1 patients preoperatively was excessive wall stress. In contrast, group 2 patients had a lower ejection fraction at a given wall stress than group 1 patients. Group 2 also had a larger aortic valve area index than group 1. Thus, group 2 had poorer left ventricular performance despite less wall stress and less obstruction to outflow. This suggests that group 2, unlike group 1, had depressed myocardial contractility as a significant component of their left ventricular failure, rather than excessive wall stress.
The etiology of this depressed contractility is uncertain. One possibility is that group 2 patients with depressed contractility represent the end stage of a natural progression of the disease. However "afterload mismatch" in these patients is uncertain, because many patients encountered in our laboratory during the same years had identical degrees of obstruction (as judged by valve area) but normal left ventricular wall stress and ejection fraction. Because concentric hypertrophy usually develops in aortic stenosis in such a fashion as to maintain normal wall stress,32 we have speculated that inadequate hypertrophy of the left ventricular myocardium may explain the high wall stress and depressed fiber shortening in this subset of patients.`' The lower h/r ratio in group 2 is consistent with this concept, but the number of subjects is too small to permit any firm conclusion to be drawn.
